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FORMAC PROGRAM TO ASSIST IN THE ANALYSIS OF LINEAR CONTROL 

SYSTEMS USING STATE VARIABLE FEEDBACK DESIGN TECHNIQUE 

by C h a r l e s  R. S l i v insky* ,  Lo is  T. Del lner ,  a n d  Dale J. Arpas i  

Lewis Research C e n t e r  

SUMMARY 

A recently developed technique for control system design utilizes the feedback of all 
the state variables of the system. A program written in FORMAC to facilitate this design 
procedure is discussed. 

into as many par t s  as the order  of the system. Algebraic expressions for the unknown 
state variable feedback coefficients (the gains through which the state variables a r e  fed 
back) a r e  then calculated. Under certain conditions that result in a se t  of n algebraic 
equations l inear in the unkncwn feedback gains, the program accepts additional input (the 
t ransfer  function describing the desired system response) and calculates the values of the 
feedback gains which yield this response. A root locus diagram is plotted to display s y s -  
tem sensitivity to variations of the gain in  the left-most block of the open-loop t ransfer  
function. 

listing is given in  an appendix. 

The program must be supplied the open-loop t ransfer  function, properly segmented 

Several examples of the use of the program are included and a complete program 

I NTRO DUCT10 N 

An important conclusion of modern control theory is that to minimize a broad c l a s s  
of integral type performance indices all the state variables of the system to be controlled 
must be fed back (refs. 1 to 3).  Recently, this conclusion has been used as the basis  for  
a new method of linear system synthesis, called state variable f eedbxk  design technique 
(ref. 1). Although the method has its origin in  modern control theory, the tools used a r e  
famil iar  to engineers acquainted only with conventional control theory - namely, the 
Laplace transform and the frecpex;. bszai r .  

* 
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A system state variable is one of a set of n linearly independent variables,  which 
are sufficient to completely describe the behavior of the system. These variables may be 
t ime derivatives of an output variable of the system (phase variables) o r  actual physical 
variables which may o r  may not be measurable. 

The object of the design procedure is to achieve an initially specified closed-loop 
response by the proper selection of the gains of amplifiers through which the state var ia-  
bles of the system are fed back. 
set of algebraic equations for  the numerical values of the feedback amplifier gains. For 
control systems whose order exceeds two o r  three,  a good deal of effort must be expended 
in carrying out the compztational aspects of the design. However, the nature of the syn- 
thesis method is such that a digital computer can be used to perform much of the tedious 
calculation. A computer program for  performing this function has been developed and 
utilized for state variable feedback design of several  servosystems. 

The task is accomplished by formulating and solving a 

During the following discussion, some background concerning state variable feedback 
design technique is given. However, it is assumed the reader  will refer to references 
such as 1 and 4 to obtain a full understanding of the method. Our objective is not to give 
a thorough treatment of the design technique but to provide information pertinent to  the u s e  
and limitations of the computer program. 

SIMPLE EXAMPLE OF STATE VARIABLE FEEDBACK DESIGN TECHNIQUE 

To initiate the discussion of bDth the state variable feedback design technique and the 
computer program, consider the system whose block diagram is shown in figure l(a). 
Here,  quantities designated by capital letters represent Laplace transformed quantities, 
that is, functions of the complex frequency variable s. The system input is E(s), the 
state variables a r e  X,(s), X2(s), and X,(s), and the system output is C(s)  = X3(s). In 
the left-most block is the closed-loop gain k .  For the sake of clari ty,  no physical inter-  
pretation is given to the variables. Note that the outputs of each of the blocks can be 
taken as the state variables; in other words, the natural system variables are a suitable 
choice for  state variables. 

The open-loop transfer function of the system in figure l(a) is 

G(s) = k(s  + 3) 
s(s + 2)(s + 4) 

Through the u s e  of the state variable feedback design technique, the closed-loop 
t ransfer  function (C(s)/R(s)) of this system may be made to correspond to any comparable 
desired transfer function Gdes(s). The design technique requires  that all state variables 
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b? fed back through linear amplifiers as  shown in figure l(b); the gain of each amplifier 
(feedback coefficient) is then determined sb that C(s)/R(s) = GdeS(s). 

Suppose, in this case,  the desired closed-loop response is 

- - - 14.1667(s + 3) 

s + 8 s  + 2 3 . 5 s  + 4 2 . 5  3 2 

T o  solve for  the feedback coefficients (hl, h2, h3) that allow the desired closed-loop 
t ransfer  function Gdes(s) to be achieved, it is f i r s t  necessary to calculate the expression 
for  C(s)/R(s) for figure l(b). This task is facilitated by block diagram manipulation to 
give the block diagram shown in figure l(c). In this figure the forward path transfer func- 
tion G(s) is unaltered. The feedback transfer function H (s) is the single feedback path 
t ransfer  function which is equivalent to the multifeedback path arrangement of figure l(b). 

eq 

With 

the closed-loop t ransfer  function is found to be 

-- C ( S )  - k(s + 3) 

R(s) 
_- 

2 s3 + [khl + kh2 + 61 s + [4khl + 3kh2 + kh3 + 81 s + 3kh3 

In o rde r  for  equations (1) and (3) to  be identical, the gain k must be 14.1667 and the 
following equations must be satisfied: 

khl + kh2 + 6 = 8 

4khl + 3kh2 + kh3 + 8 = 23.5 

3kh3 = 42. 5 

The feedback coefficients are, therefore, 

(3) 
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h l  = -0.329 

h2 = 0.471 

hg = 1.000 

To illustrate system sensitivity, a root locus diagram may be plotted. 
A review of the preceding example wil l  indicate the need for mechanizing the alge- 

braic  manipulation and numerical calculations necessary to u s e  the state variable feedback 
design technique in  large problems. Manual calculation of the feedback gains is tedious 
and open to e r ro r ,  even for as simple a system as discussed here.  Moreover, specifica- 
tion of a desired closed-loop t ransfer  function is not usually a simple task. Aspects other 
than the overall response of the system must be weighted in the control design. For in- 
stance, it may be desirable (1) to keep the feedback gain of a cer ta in  state variable to a 
minimum in the hope of eventually eliminating the necessity of measuring o r  generating 
it, o r  (2) to reduce system sensitivity to gain changes at some unknown distribution of the 
desired closed-loop poles. These aspects  would require  the  specification of the Gdes(s) 
on a trial and e r r o r  basis and the calculation of the feedback gains for each trial. The 
volume of calculation required for such an  approach makes the adaptation of the design 
procedure to a computer almost mandatory. 

PROBLEM PREPARATION 

Application of the state variable technique to control system design requi res  that 
(1) the open-loop transfer function G(s), describing the system to be controlled, be de- 
fined, and (2) the t ransfer  function Gdes(s) of the desired response be specified. 
of the FORMAC program as an aid in this application places cer ta in  requirements on the 
form of this input data. The t ransfer  function G(s) must be expressed as 

The use 

i =n 
G(s) = KiGi(s) 

i=l 

This means the block diagram defining the problem must have been drawn as in  figure 2 
where 

(1) The state variables are Xi(s). 
(2) The constants a r e  Ki. 
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(3) The rational functions Gi(s) with constant coefficients are  defined so that (a) the 
coefficient of the highest degree te rm in each denominator i s  unity and (b) the hi are  
constant but unspecified gain coefficients. 

The r eade r  may object to the exclusion of polynomials in s from the feedback blocks 
because it is often impossible o r  not economically feasible to measure all the state varia- 
bles of a system, but it is usually possible to generate them. Such a situation might arise 
for  the system of figure l(b).  Here, for instance, it may not be possible to measure 
X (s), but the variable can be generated from X,(s) o r  X,(s) as in figure 3(a) o r  (b). 
Similarly, it may be necessary to  generate the state variable X,(s), a s  shown in  fig- 
u r e  3(c). All of these cases can be made to conform (to the restriction placed on the 
hi's) by block qiagram manipulation. The case where one o r  more of the Gi contains a 
pair  of complex poles can also be handled; the design of the fuel valve control system for 
a jet engine given in appendix A is such a case.  

denominator polynomials of H ( s )  and C(s)/R(s) to the solution for the numerical val- 
ues  of the hits,  i t  i s  required that the contents of the f i r s t  block G1(s) be of the form 
k/(s + c) where c is a specified constant and k is not specified. 

2 

If the program is to continue beyond the formulation (and output) of the numerator and 

eq 

There are also restrictions on the form of Gdes(s): 

(1) The numerator of Gdes(s) must be exactly the s a m e  as  the numerator of G(s) 
except that all constants must be specified in Gdes(s). One unspecified constant k must 
be contained in  G1(s). 

denominator of G(s) after cancellation. 

unity. 

(2) The degree of the denominator of GcTes(s) must be the s a m e  a s  the degree of the 

(3) The coefficient of the highest degree term in the denominator of Gdes(s) must be 

Problems formulated as in figure 2 are ready to  be solved using the computer pro- 

Case I:  The coefficients of the denominator poiyriomiai of C(sj jR(sj  are linear in 
gram. In the discussion of the program, we refer to  the following two types of problems: 

the hi and no other unknowns appear. Such problems are those for which the t ime con- 
stants of G(s) are all known, the number of state variables being fed back is equal to the 
number of poles in  G(s) after cancellation, and G1(s) is of the form k/(s + c). 

Case 11: The coefficients of the denominator polynomial of C(s)/R(s) are nonlinear 
in hi, o r  contain other unknowns. The design procedure may be applied to a G(s) i n  
which one or  two of the t ime constants are not defined; this is a Case I1 problem. If the 
number of state variables being fed back is less than t h e  niimher cf p e k e  i:: G(s) zfter 
cancellation, this is also a Case 11 problem. 

5 



DESCRIPTION OF THE PROGRAM 

The computer program is written in FORMAC and is executed at Lewis Research 
Center on a 7094 11-7044 DCS. This program accepts as input (and immediately writes as 
output) the polynomials in s and possibly unknown time constants A and B which are the 
numerators and denominators of the Gi's of f igure 2 .  The program then generates the 
algebraic expressions for  the numerator and denominator of H (s) and of C(s)/R(s). 
The coefficients of these four polynomials a r e  then output. C2se II type problems a re  
terminated at this point (see Problem Preparation, Case 11, p. 5), since the expressions 
of hi in H 

ed and printed out. This input must be a set of numbers, the f i r s t  being a numerical value 
of k, the closed-loop gain in G1(s), and the remaining numbers being the numerical coef - 
ficients of the denominator of the desired t ransfer  function Gdes(s). They are used to 
establish a s e t  of simultaneous linear equations which are then solved f o r  the numerical 
values of the hi's. These feedback coefficients are printed, followed by the zeroes  and 
poles of the closed-loop characterist ic equation, by the poles of C(s)/R(s) for several  
multiples (k') of the input value of k (where k' = [. 1, . 5, l . ,  1. 5, 2 . ,  3 . ,  5. I ) ,  and 
finally by the zeroes  of C(s)/R(s). A root locus diagram terminates the output for such 
an input set of numbers. If there are further such sets of numbers, the program will re- 
peat the procedure described in this paragraph for each se t .  

eq 

(s) are either nonlinear o r  contain unspecified quantities (A and B). 
For  Case I type problems, where the expressions are linear,  further input is accept- 

eq 

PREPARATION OF INPUT DATA SHEET 

Figure 4 is a blank input data sheet to be filled in according to the instructions on 
input data sheet instruction form (fig. 5). The f i r s t  line of the input data sheet is avail- 
able for a title (of not more than 79 characters) .  The next line must have three two-digit 
integers;  the first (KG) is the number of blocks (3 I KG 5 10) in the open-loop t ransfer  
function, the second (NN) is the order  of the numerator of the open-loop t ransfer  function 
G after cancellation, the third (ND) is the o rde r  of the denominator of the open-loop 
t ransfer  function after cancellation. Case I problems must have KG = ND. F o r  Case I1 
problems ND may be as large as 38. 
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The following lines have a two-digit sequence number--from 01 through twice KG. 
The FORMAC expression' f o r  the numerator of the first (left-most) block is followed by 
that fo r  the denominator of the first block, then the numerator of the second block, e t c . ,  
through the denominator of the last (right-most) block. This  is all that is required for a 
Case I1 problem. 

numbered lines (01 through ND) each of which contains a coefficient of the denominator 
polynomial of Gdes(s) in descending order ,  beginning with the coefficient fo r  the s 
t e r m  (the coefficient for the s NDth te rm i s  always unity), and on the NDth line, the 
constant t e r m .  

For Case I problems, fur ther  input consists of a single value for  k,  followed by 

ND- 1 

Further  sets of one value of K and ND coefficients may follow. 
Figure 6(a) is an input data form completed for  the example problem (Case I). Fig- 

) ,  
u r e  6(b) is an input data form for a sample Case I1 problem 

created by substituting the dummy variable B into the example problem of figure l(a) to 
i l lustrate the differences in input and output f o r  Cases  I and 11. 

Case I1 problems, a single blank ca rd  follows the other cards .  

G(s) = 
k(s + B) ( (5  + 2)(s + 4)s 

Input data ca rds  are  punched directly f rom the completed input data fo rm.  For  

DESCRIPTION OF OUTPUT 

Figures 7(a) and (b) are the complete output listings f rom the input supplied in fig- 
u r e s  6(a) and (b). The first page displays whatever title has been provided on the first 
ca rd  of the input and is followed by the information from the first group of ca rds  with 
appropriate identification. Pages 2 and 3 display the coefficients of s in the four poly- 
nomials formed by the program -- the numerator and denominator of H 
numerator and denominator of C(s)/R(s) - -  i n  terms of s, the input gain k ,  the hi 's  
(feedback coefficients), and the unknown time constants A and B; i f  used, The output 
fo r  Case 11 problems (fig. 7(b)) terminates a t  this point. 

(s) and the 
eq 

'A FORMAC expression is s imilar  to a FORTRAN expression in that it u ses  * for 
multiplication and * * for exponentiation, etc.  , but it must be terminated by $. 

3 2 The polynomial s + 7s  + 2.2s  + 1 . 4  is a correct  FORMAC expression when 
nl 1 n7.7; m CT ..7- 7 -  - . written in any nn.e e! the f,,,, 6 w a y  a. 

(1) s* * 3+7. * s* * 2+2.2* s+l . 4  $ 
(2) s*s*s+7.*s*s+2.2*s+l .4  $ 
(3) ((s+7. ) * s+2.2)* s+l . 4  $ 
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In figure 7(a), page 4 displays the Coefficients Of Gdes(s) -- all but the first of which 
are input, followed by the input value for CK (the closed-loop gain). The lower half of 
this page displays the numerical values of the hi's that satisfy the equations defined by 
the input values immediately above. Page 5 displays the values of the zeroes  followed by 
the values of the poles of the characterist ic equation. The roots  of this equation are then 
printed fo r  each of several  multiples of the input design value of k .  The zeroes  of 
C(s)/R(s) follow. 

of figure 7(a). The legend below the plot shows the number of points of each type, but 
they may not all appear on the plot because overprinting is not used. 

page 4 through the plot for  each such se t .  

All the points on pages 5 and 6 are plotted in  the root locus diagram on the last page 

If additional sets of CK and coefficients are provided, the output will repeat from 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, May 10, 1967, 
125-23-02-10-22. 

8 



APPENDIX A 

DES 

One of the first appli, 

GN OF A FUEL VALVE CONTROL SYSTEM 

ations of the state variable feedback technique was to a tria 
design of a fuel valve servomechanism for  a 5-85 jet engine. The engine is being used by 
Lewis Research Center for  studying engine and inlet controls for  the supersonic t rans-  
port .  

physical system. The system transfer function for the torque motor, hydraulic servo- 
valve, and fuel valve was found to be 

In o rde r  to  apply the design technique, it  was necessary to use  a linear model of the 

2 .  262X1O6s 

(5.76;1O3) ( 8. 483X1Ol1 
8 s + 6.  583X103s + 5.28X10 

A s  is evident, G(s) is a 7th order  system after cancellation. This means that seven 
state variables will completely describe the system and, consequently, i n  the block dia- 
gram G(s) must contain seven blocks. The oiitpilt of each of these blocks will be a state 
variable to be fed back. The system G(s) may be described as 

i=7 
G(s) = XiGi(S) 

i=l 

... 1- wllere 

K3G3(S) = l/s 
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3 K4G4(s) = 5.769X10 / s  

8.483X10 11 s 
K5G5(S) = 

s2 + 6.583X10 3 s + 3.28X10 8 

KSG6(s) = l/s 

K7G7(s) = l/s 

The transfer functions IC3G3(s) and KgG6(s) have been inserted to supply seven state 
variables. To maintain the same open-loop t ransfer  function, K2G2(s) and K5G5(s) have 
been multiplied by s. 

The block diagram f o r  state variable feedback i s  shown in figure 8 where 

R reference input 

k servoamplifier gain 

and the state variables are  

I 

Xf 

Xf 

xS 

c 

.. 
C 

C 

torque motor current 

flapper valve velocity 

flapper valve displacement 

spool valve displacement 

actuator acceleration 

actuator velocity 

actuator position 

This diagram provides enough information to fill in lines 1 to 14 on the input data 
sheet (fig. 9) for  this problem. 

The next step was the selection of the closed-loop t ransfer  function Gdes(s) to real- 
i z e  a system response having a bandwidth as  large as possible with a small  overshoot in 
response to a step input. Two complex poles of the closed-loop system were chosen to be 
given by the t ransfer  function 

3. 28X108 
G1,des(s) = 2 3 s + 6.683X10 s + 3 . 2 8 ~ 1 0 ~  
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Equation (A2) corresponds to pa r t  of the fixed system, equation (Al ) ;  this choice was 

t ransfer  functions of the system and so wi l l  have little effect on the system bandwidth. The 
remaining closed-loop pole locations were chosen after a careful study of the normalized 
step response and frequency response curves of reference 5. This reference gives the 
normalized transfer function f o r  systems with no zeroes  which cause the following pe r -  
formance index to be minimized: 

I 
I 

made because the bandwidth of equation (A2) is far beyond that of the other component 

I 

In this performance index (the integral of time-multiplied absolute value e r r o r ) ,  e is the 
difference between the system response to a unit step input and the step itself. This c r i -  
terion was chosen because it gave the desired transient characterist ic (step response) 
compatible with the bandwidth requirement (frequency response). 

table V of reference 5. The constant numerator of Gdes(s) is now chosen so  that 
Gdes(0) = 1, assuring zero steady-state e r r o r  fo r  step inputs. This is done by letting the 
numerator equal the value of the denominator a s  s - 0. Consequently, the closed-loop 
t ransfer  function becomes 

The denominator of Gdes(s) is completed by using the fifth order  polynomial in 

1.025XlO" 
Gdes(S) = 

(s 2 + 6.683x10 3 s + 3.28X10 8 5  )(s + 2.8 wos 4 + 5 wos 2 3  + 5 . 5  wos 3 2  + 3 . 4  wos 4 + ~ 2 )  
(A 4) 

In equation (A4) the value of wo governs the system bandwidth: the value 5000 was 
chosen to give a system bandwidth of 600 hertz which is well beyond that of the dynamic 
characterist ics of the engine. Substituting this vi lue in ecpation (A4) gives 

Gdes(s) = 

1. O25X1O2' 
s 7 + 2 . 0 6 8 S 1 ~ 1 0 ~ s ~ + 5 . 4 6 5 5 ~ 1 0 ~ s ~ + 6 . 1 1 4 9 ~ 1 0 ~ ~ ~ ~ + 4 . 7 7 2 0 X 1 0 ~ ~ s ~ ~ 2 . 4 2 8 3 ~ 1 0 ~ ~ s ~ + 7 .  1789X1023s+ 1.025OX10 27 

2s thc dSSii-56 clused-ioop t ransier  function. 
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It is also necessary to determine the value of k (the unspecified constant in the first 
block of fig. 8). Since the numerators of G(s) and Gde,(s) must be equal, we set 

2.5 k(2. 262x106)(5.769x103)(8. 4 8 3 ~ 1 0 ~ ~ )  = 1 . 0 2 7 ~ 1 0 ~ ~  

giving CK = 37 036. 

The complete output listing for this problem is given in figure 10. 

in an analog computer simulation of the linearized fuel valve control system. A system 
bandwidth of SO0 hertz and an overshoot less than 10 percent in  the step response was 
achieved. 

We have now al l  of the information needed to complete the input data sheet (fig. 9). 

A s  a check, the calculated values of the feedback gains hi (p. 4 of fig. 10) were used 
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APPENDIX B 

PROGRAM LISTING 

.5. 1.. 1.5. 2.. 3 . .  5 . .  0.. 0.r  0. / 
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97 R F A n  15.499) 
7 5  R F A n ( 5 . 4 9 R )  KG.NN.ND 
96 WRITF I 6 .  499 1 

WRITF Ih.501) KG.NrJ.NO 
9fl TOATA = 0 

1no nn 1 2 0  J = I .KG 
1 0 7  I n A T A  = I O A T A  + 1 

104 READ1 5. 511 ) 101. ( A R R A Y I I I .  I = I .  13 1 
11-16 I F (  I D 1  - I D A T A  ) lOR.110.109 
10R W R I T F I  6 .  511 ) I D M I N l  

I D M l N l  = l n A T A  - 1 

GO TO lnO0 
110 J S T A R T  = n 
1 1 1  I F T  G N N I J )  = ALGCnN ARRAY(11.  JSTART 
1 1 2  W R I T F I  6 .  5 7 0  1 J 

WRITE1 6. 541 I A R R A Y I I I .  I = 1. 13 
111 I n M I N l  = I D A T A  

I D A T A  = I D A T A  + 1 
114 R F A D I  5. 511 I D 1 .  I A R R A Y I I ) .  I = l r  I 3  1 
115 I F 1  In1 - I O A T A  1 I O R ~ I 1 6 ~ 1 0 8  
llh JSTART = 0 
117 L E T  G D D I J )  = ALGCON A R R A Y ( 1 ) .  JSTART 
118 W R I T F I  6 .  5 5 1  ) J 

170 C O N T I N l l F  
1 7 7  L F T  P C , N l 1 ) = 1 .  

W R I T F (  6 .  541 ) I  A R R A Y I I ) .  I = 1. 13 I 

124 on 176 J = Z.KG 
I F T  PGN( . I I=  P G N l J - l ) *  G N I J I  

176 C f l M T I N l I F  
17R L F T  HEOO = P G N I K G )  

L F T  CRN = G N l l ) * H F O D  
L F T  P G D I K G ) = l .  

130 Dfl 137 J = 7 1 K G  
I = K G - J + l  
I F T  P G O I L )  = P G D I L + l ) * G D l L + l )  

1 1 7  CnNTINIJF 
134 L F T  C R T ) T l =  P 6 1 ) 1 1 ) *  GDIl) 

L F T  HFON =O. 

I F T  HFOM = HFON + H l J ) * P G N l J ) * P G D l J )  
116 no I ~ R  J =  KG 

I 1 f l  Cf lNTIN lJF 
140 I F T  C R n T 7  = G N ( l ) * H F O N  

141 ERASF CRDT2 
L F T  CRD = C R O T I + C R n T Z  

147 no 144 J = I.KG 
FRASF P G n (  J 1 .PGNl J I 

144 Cf lNT lN lJF 
146 L F T  CRNS = SURST CRN NLAB.I)LAB 

L F T  t R N t E  = FXPANO CRNS 
ERASF CRN.CRNS 
L F T  HFOOS = SlJRST HFOO . NLAB.DLA8 
L F T  HFODCF= FXPAND HFODS 
ERASF HFOO. HFODS 

L F T  CRDSF = FXPAND CRDS 
FRASF CRD.CRDS 
I F T  HFONS = SURST HFQN . NLAB.OlAB 
L E T  HFONSE= FXPAND HEONS 
FRASF HFON. HEONS 

L F T  C D T l t F  = FXPAND C R D T I S  
FRASF C R O T l  .CROTlS 

I F T  r R n s  = SURST CRD . N L A B . ~ L A R  

L F T  C R n T l S  = Sl lBST CRDTl.NLAB.DLA8 

148 N = n 
1 5 0  I = l  
1 5 1  I F 1  C I I )  = COEFF CRDSF.S**N.Vl*V? 

I = I + 1  
N=V7 

1 = 1  

I = 1 + 1  
N=V7 

154 IF (N.NF.0)  GO TO 151  

1 5 6  I F T  D l l )  = C n F F F  CRNSE.S**NIV1.V2 

1 5 9  IF1N.NF.n) GO TO 1 5 6  
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1 = 1  

1 = 1 + 1  
N=V7 

1 = 1  

1 = 1 + 1  
N=V7 

1 = 1  

1 = 1 + 1  
N = V7 

161 L F T  F I I )  = COEFF HFQDSF.S* *N .V l~VZ 

164 T F ~ N . N F . ~ )  Go 161 

166 L F T  F l 1 I  = CnEFF HEOVSEIS**N.V1.V7 

169 l F l N . N F . 0 )  GD TO 166 

171 L F T  G I 1 1  = Cf lEFF COT lSF .  S**N, V i .  V 2  

174 I F 1  N .NF. 0 1 GD Tn 1 7 1  

17h L E T  CHK = HATCH I O .  C l l l .  0.0 
FRASE CRNSF .CRDSE .HERNSE . H E O O S E .  C O T l S E  

I F 1  CHK I GO TO 179 
L F T  C (  ND+7 I = C ( 1 l  

1 F l  CHK ) G f l  TO 1 A 2  
L E T  O l  NN+7 I = nrll 

I F 1  CHK 1 G n  T l l  1R5 
L E T  F (  NN+7 I = F f l I  

I F 1  t H K  I GO TO 1 8 8  
L F T  F f  N n + l  1 = F ( 1 )  

179 L F T  CHK = MATCH 101 0 1 1 1 .  0.0 

1R7 L F T  CHK = MATCH IO. F I l I .  0.0 

1 9 5  I F 1  CHK = MATCH I D ,  F ( 1 I .  0.0 

L A R  L F T  CHK = MATCH I O .  G ( 1 l .  0.0 
IF( CHK I c.n i n  191 

190 L F T  G I  NO + 7 I = G ( 1 I  
191 CALL  O l J T (  K G t  NN. NI). C I  0. E. F )  

1997 nn 1996 I = 1.40 
1994 FRACF F (  I )  
1996 C n N T l N I I F  

700 C A L L  R7 ( KG. C K l .  R 1 
7 1 0  on 750 J=I.KG 

L E T  TFMP = ClJRST C ( J + ? I r l C K . C K I )  
nn 7 3 0  K = 1 . ~ 6  
L F T  T F M P l  COFFF TFMP.H(K I  
L F T  X1J.K)  = EVAL T F M P l  
L F T  TFYP = t l l R S T  T F M D . { Y ( K ) . 9 . C I  

L F T  R ( . I I  = F V A l  R ( J l - T F M P  

FRASF TFYP. T F M P l  

7 3 0  CONTINIJF 

750 C i l N T l N I I F  

7 6 0  CALL M A T I N V (  XI KG. K 5 I G  I 
762 no 7 8 0  11  = L.KG 

HFTRNt 1 1 )  = 0. 
on 780 17 = I.KG 

H F T R N ( 1 1 )  = H F T R N ( I 1 l  + X ( I 1 . 1 2 )  * R l 1 2 I  
7R0 C n N T l N I l F  
7R7 U R I T F I  6 .  590 I 
7 ~ 4  on ~ R R  I = 1. K G  

W R l T F l  6. 592 I L, H F T R N ( L )  
7 R A  Cf lNT lN lJF 
790 l N 0 F X  = 0 

R O O 0  W R I T F I  6. 906 I 
A303 N I F S S l  = NO - 1 

NPLUS1 = ND + 1 
~ 0 0 6  on AOIO J = 7 . ~ ~ ~ 1 ~ 5 1  

L F T  F S ( J I  = FURST F ( J ) *  PCAB 
R ’ l l O  CONTINI IF  

9014 IF l IJNITY.FO.0.1 GO T O  8050 
9 0 7 0  CALL  FMTOFNI NLFSSL.  FS. DFTRN 1 

ncTDu!j! = :TT::::;;; , ;;;j;;y 

9017 L F T  (JNITY = € V A L  F C l 2 )  

R077 OD 8076 J = l . N L F S 5 1 ,  

9 0 7 6  CONTlNI lF  
’3078 I F  l Y L F S S l . F Q . 1 )  GO TO B O A 7  
R030 C A L L  ROOTXXl  OFTRN. RGN. N L E S S l  1 

A350  N L F S S l  = NLFCS1-1  
A052 1F lNLFCCl .FO.OI  GO T O  8070 

9037 c,n i n  8090 
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R O ~ O  on ~ 0 6 4  J = 2.11 
R067 I F T  F S I  J - 1 1  = F S ( J )  
A364 C f l N T l N I l F  

Rn70 W R I T F ( h . 5 6 0 )  

R O R 2  R G N 1 1 )  = D F T R N l l )  * ( - l . )  
R090 nfl R l 0 0  J = 1 .NLFSSl  

GO TO R O l 2  

c,n TO ~ 1 5 0  

I N D E X  = I N D E X  + 1 
A R L l  I N D F X  1 = R F A L I  R G N ( J )  1 
O I M I  I N O F X  I = AIMAG( R G N ( J )  ) 
W 4 1 T F l  6. 9 0 3  I A R L ( 1 N D E X ) .  D I M I I N D E X I  

9100 Cf lNT lN lJF 
9150 W R I T F I  6. 9 0 4  1 
RlhO C A L L  FHTOFNt  ND. GI DFTRN I 
9170 C A L L  RDOTXX( DFTRNt  RGN. ND ) 
R l R O  DO R700J = 1. NO 

1Nr)FX = I N D E X  + 1 
A R L I  I N D E X  1 = R F A L I  R G N ( J )  ) 
0 1 Y I  I N O F X  1 = A l M A G l  R G N ( J )  ) 
W R I T F I  6 .  9 0 7  I A R L I I N D F X I .  D I M I I N D E X )  

R700 C n N T I N l l F  
A400 W R I T F I  6 .  9 0 R  ) C K I  
R407 NPLIJS7 = ND + 7 
13404 nn ~ 4 1 0  J = ~.NPLIIS~ 

L E T  C H I J )  = SIIRST C I J ) .  P L A 8  
A410 CONTINI IF  
A417 On 8 4 7 0  J = 1,JTOP 

G A I N  = P C T G t J )  * C K I  
9416 O n  R470 I = 7.NPLUS7 

L F T  C H C K ( T 1  = SURST C H ( 1 ) .  ( CK. G A I N  I 
9470 CONTINIJF 
9 4 1 0  CA11 FMTOFNI  NO, CHCK. DFTRN 

9450 O n  A460 K = 1.ND 
9 4 4 0  C A L l  ROOTXXI OFTRNt RGN. NO 

I N D E X  = I N D E X  + 1 
D I M (  I N O F X  = A I Y A G I  R G N I K )  I 
A R L I  I N n F X  1 = R E A L 1  R G N I K )  1 
W R I T E (  6. 9 1 0  1 P C T G l J l r  G A I N ,  A R L ( I N D E X 1 .  D I M ( 1 N D E X )  

R 4 6 O  CnNTlNIJF 
WRITF i 6. s n i  

9470 CONTINUF 
A z i n  WRITFI 6. sno  1 
9 7 7 0  NPLI IS7 = NN + 7 
A710 DO A734 J = 7.NPLIJS7 

L F T  D 5 t . I )  = S I I R S T  D I J I .  ( CK. 1- 1 
9734 C O N T l N l l F  
9 7 3 8  !F (NN.FCI.0) GO TO 8 7 7 0  
9 7 4 6  C A L L  F M T n F N l  NN. DSv DFTRN 

L F T  TFMPO = F V A L  OS171 
on 13747 I = 1." 

9747 DFTRNt  1 1  = D F T R N I  I ) / T E M P D  
A 7 4 R  I F  lNN.FQ.1) GO TO 8 2 8 7  

A757 G f l  T f l  8 7 9 0  
9 7 7 0  WRlTF 16 .560)  

R7R7 R G N l 1 )  = D F T R N ( 1 1  *(-1.1 

R 7 5 0  C A L L  ROOTXXI  OFTRN. RGN. N N  I 

~ 7 7 7  r,n i n  ~ 7 0  

13790 on ~ 3 n n  J = 1." 
I N D F X  = I N D E X  + 1 
A R L I I N D E X I  = RFAL I R G N I J )  
D I M (  I N O F X  I = A I M A G I  R G N I J I  I 
W R I T E 1  6 .  902 A R L I I N D F X ) .  D I M I I N D E X )  

A3r)n CONTINIIF 
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A 7 0  P P ( 1 1  = 5. 

P P ( 4 )  = 0. 
K K ( 1 )  = 7 
K K ( 2 I  = 4 
K K ( 1 )  = N L F S S I  
K K ( 5 )  = ND 
K K ( 7 1  = J T O P  * ND 
K K ( 9 )  = N N  

P P ( ~ J )  = 0. 

W R I T F t  6. 911 1 
C A L L  PLOTMYl  D I M .  ARL. KK. P P  I 
W R I T F I  6. 912 I K K ( 1 ) . K K l 5 ) . K K ( 7 ) . K K ( 9 )  

999 GO TO T o n  
498 F O R Y A T I 1 1 7 1  
499 F O R M A T f l H 1 . 7 9 H  
4991 1 
501 FORMAT( I H L .  47X. 1 l H S T A T E  VARIARLE FEEORACK PROGRAM / 
5011 1HL. 39X.  3hH------------ 1NPt)T DATA ----- - --_--- 
5012 1HL. 19X.  
5011 17H THF OPEN LOOP T R A N t F F R  FIJNCTION H A S  . 1 2 r 8 H  RLOCKS- / 
5014 1HK. 19x1  
5015 45H THE NIlMFRATOR POLYNOMIAL OF C / R  IS OF ORDER -12. 1 H . /  
5016 I H K .  19X.  
5017 47H THF DENOMINATOR POLYNOMIAL O F  C/R IS  OF ORDER . I2*1H./  
501 R 1HK. 9X. 6 2 H G N l I )  AND G D ( 1 )  ARE THE NUMERATOR AND OENOMINA 
5 n i ~ ~ n ~  OF THF I-TH 
5n19 IOX.40HRLOCK COt lNT ING FROM L F F T  Tn RIGHT. 1 
511 FORMAT( 17.  13A6 1 
51 7 FORMAT( lH1.9X.74HDATA CARD FOLLOWING CARD . I2.17H IS OUT OF ORDER- 
5 1 3 1 )  
5711 F n R M A T I  1HL. 9X. 1 H G N I .  I.?. 6H) = 
541 FORM4Tf  1H+. ?OX. 1 3 A 6  1 
551 FORM4T( I H K .  9X. tHT,D( .  12. hH) I 
560 FORVAT( IHO.50X.14HTHFRf ARE NONF ) 
590 FORMATI l H O /  
5901 l ! i O ~ t l X ~  54H------------ FFFDRACK C O E F F I C I F N T S  - H ( I )  ---------- 
597 F f lRMAT l  1HO. 9X. 7HH( .  12. 6 H )  = . G12.5 ) 

/ 

59n2/iHn 

900 FORMATI 1 H 0  / 1HO / 4 0 x 1  
9,39179~------------ i F R O F S  OF C / R  ------------ / 1HO / 
9 0 0 7  17X.  9HREAL PART. 10X.14HIMAGINARY PART / IHO 1 
9 n i  F O R M A T (  IH 
907 FORYATI I?X. ~ 1 2 . 5 .  IOX. c12.5 ) 
904 FOR MAT ( 1 H O/ 1 HO/ 1 1 X. 6 3H------------ PnLEs OF THE CHARACTERISTIC E 
904181JATION ------------ / 1 HO/ 
9047 17X.  9HREAL PART. 10X.14HIMAGINARY PART / 1HO I 
906 F O R M A T I I H I  /1HO / 32X.  hlH----------- 7EROES OF THE CHARACTER 
9061 I S T l C  F O I I A T I  ON ------------ /1HO / 

908 FORMATI I H O  / I H O  / 10%. 104H------------ ROOTS OF THE CHARACTER1 

90R7-- /45X.  7$HC< ( D E S I G N  VALUE O f  G A I N )  = .G13.5/?HC!!IH 010 C K  

9067 12X. 9HRFAL PART. 10x1  14HIMAGINARY PART / 1HO 1 

3 0 9 1 S T I T .  FOIJATION (POLES OF C / R )  FOR VARIOIJ t  V A L Y E S  OF G A I N  ---------- 
90A1.7X.4HG41N.13X. 9HRFAL PART.1OX. 14HIMAGINARV PART /1HO 1 
910 FORMAT1 1H . F6.2. 5 x 1  
9101 G12.5. 7X. G12.5.1OX. G12.5 ) 
911 F n R Y A T f  7HPT. 5 7 X .  41H------------ ROOT LOCUS PLOT ----------- ) 
917 FORMAT17HPL.4RX.2H 1 .11 .3H)  4flHO DFNOTES A ZERO O F  THE CHARAC 
9 1 2 1 T F R I S T l C  F O l l A T I O N  / 
9177 7HPL.4AX.3H I . I l . 3 H )  48HX DENOTES A POLE OF THE CHARAC 
9 1 2 1 T F R I 5 T I C  F Q U A T I O N  / 
7174  7HPL.4RX. lHI  .I2.3H) , 48H+ DENOTES A RODT O F  T H E  CHARAC 
9 1 7 5 T F R I t T l C  FO lJATION / 
9 1 2 5  7HPL.4flX.2H ( . I l r 3 H )  , 24H* DENOTES A ZERO OF C/R ) 

1000 $TOP 
F ND 
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S I qFHC tlIITNM 

r, T H I t  SIJRRI1UTINF WRITES C/R AND HFO 
CtJRROlJTINF OUT( N. NN. ND. C. 0. F. F 

D I Y F N S I O N  C ( 4 0 ) .  D ( 4 0 1 .  F ( 4 0 ) .  F ( 4 O )  
S Y M A R G  C.D.F.F 
D I  MFNSI DN Kl l IJT(  7 1 1 
O I M F N S I O N  H F T R N ( 7 0 )  
W41TE(  6. 5 0 1  1 

700 W R I T F (  6. 510 1 
NPLIJC7 = NN + 2 

7 1 0  DO 720 L = 2. NPLIJS7 
LPOWFR = NPLIJC7- L 
W Q I T F t  6 .  5 2 1  1 LPOWFR 
L E T  DFI  = ORDFR D ( L ) .  INC.  FUL 
916 = 0 .  

WRITE(  6 .  5 3 1  1 ( K O \ J T ( J ) r  J = 7.  2 1  1 

GO i n  7 5 7  

777 L F T  C I G  = RCDCON DEL KOIJT. 2 1  

7 1 ~  IF( SIC,  .NF. O. I Go i n  7 7 7  
7 7 0  r O N T l N l l F  

W R I T F I  6 .  5 4 0  ) 
NPLI lC7 = ND + 2 
no 7 5 0  I = 7 .  NPLIJ57 
I POWFR = NPLUC7- L 
W R I T F t  6. 5 7 1  ) LPOWFR 
L F T  DFL = ORDFR C ( L )  INC. FUL 
S I G  = n. 

7 4 1  L F T  CIG = RCDCON DEL 9 KOIIT. 2 1  
W R I T F (  6. 5 3 1  I l K O U T ( J ) .  J = 2. 2 1  ) 

74A I F (  SIG .NF. 0. 1 GO T O  741 
750 T n N T l N t I F  

RFTIJRN 
7 5 7  W R l T F l  h .  5 6 0  I 

NPLIJS7 = ND + 1 

LPOWFR = NPLUS?- L 
WRITF(  h.  5 7 1  ) LPDWER 
L F T  DEI  = OROFR F I L ) .  INC. F l J L  
S I G  = 0. 

W R I T F (  h .  5 3 1  I ( K n L I T ( J ) .  J = 7 .  2 1  ) 

nn 7 7 n  L = 7. N P L U S ~  

7 6 1  ( F T  SIC. = RCDCON DEL . KOIIT. 2 1  

7 6 3  IF( srG .NF. 0. I Gn i n  761 
770 CnNTTNtlF 

W R I T F (  6 .  5 8 0  ) 
NPLlJS7 = NN + 7 
nn 7 9 0  1 = 7 .  NPLlJC7 
I PnWFR = N P L l l t 7 -  L 
W R I T F (  6 .  5 7 1  1 LPnWFR 
L F T  DEL = ORDER F ( L ) .  INC. F I IL  
516  = 0. 

W R I T E (  6. 5 3 1  ) K n t I T 1 J ) r  J = 7. 2 1  ) 
7 A 1  L F T  $16 = RCDCON DEL KOIJT. 71 

7A3 I F 1  S I G  .NF. 0. 1 GO T O  781 
790 CDNTINIJF 

5 0 1  FORMAT( 1H1 / 1H0 / 
5 0 1 1  7 9 X .  59H-------------HFCl AN0 C/R I N  TERMS OF THE H I  i )  
5 0 1 7  _ _ _ _ _ _ _ _ _ _ _ _  
5 1 0  FORMAT( lH1.47X. IOHINIJMFRATOR POLYNOMIAL OF C / R )  / l H O )  
5 7 1  F O R Y A T I  I H J .  RX.19H C O F F F I C I E N T  OF S** .  17. 5H  = I 
5 3 1  FORVAT( 36X.  16Ah ) 
5 4 0  FORMAT ( I H K  / 
5401 IHK.19X. 6OHCHARACTFRISTIC POLYNOMIAL - (DENOMINATOR POLYNOMIAL 
5 4 3 7 n F  C / R l  / 1 H O )  
5 4 0  F n R M A T I  1 HL / 1 H 0 /  
5 6 0 1  20X.  79HNIIMFRATOR POLYNOMIAL OF HEO /1HO 1 
583 F n R M A T l  1Hfl / 
Sun1 1YK.  1 9 X .  3 lHDENDMINATOR POLYNOMIAL OF HE0 / L H O )  

Gn i n  7nn 

1 

F N 0  
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5 4 3 3 - - - -  
54Q-3 I 1Hn 
5 4 0 4  
5 4 7  FDQr(AT 
551 F I 3 Y A T  
67 S T n P  

FND 

S I R F T C  97NAY 

r T H I S  SlJ9QntlTTNF RFAOS AND U R I T E ?  R ( I )  AND READ5 AN0 WRITES CK. 
r I I 5 I N G  Y = KG. 

FIJRROIJTTYF R 7 (  N, C.K1, R 1 

n l Y F N ? I O N  9 ( 2 0 )  
RF40( 5 . 5 7 0  CKI 
TO4T4  = 0 

1 q 4 T A  = l n A T 4  + 1 
InYlYi = TDATA - 1 

IF( I n 1  - l o A T 4  ) 71. 10. 2 1  

GO T O  67 

J Q l T F (  h . 5 4 0  ) N 
5 0  J = 1. rrl 

l l = Y - J  
W?TTF(  6.54’3 JJ.  R ( J )  

W91TFf 6 . 5 5 1  ) C K T  

RFTIJRY 

on in I = I .  N 

v ~ 4 n (  5.570 1 Ini. R ~ I )  

7 1  W R I T E (  6 . 5 7 2  1 IOMlNl 

i n  C ~ Y T I Y ~ J F  

5n t . n N i i w ~  

50 r o v i i w ~  

5>n FORMATI 17. F l 7 . 6  1 
5:7 Fi-iRMAT( IY1.9X.74HDATA CARD FOLLOWING CARD .17.17H I S  OlJT OF ORDER. 
5771 1 
5 7 n  FnRMAT( F15.h  1 

5401 1HL . 1 1 X .  59H------------ OFF I R F D  CHARAC T F R I  S T  IC POLYNOMIAL -------- 
5 4 0  FIRMAT( 11-11 I 

NPUT I I 5 R X .  rY(  
1 
1HK. R X .  
1HK. AX.  
I H L .  9 Y .  

9H C O F F F I C I F N T  OF S * * .  12. 9 H  = 1.0 
9H C O F F F l C I E N T  OF S * * .  I ? .  5 H  = , G17.5  
7 H G A I N  CK = , G12.S 1 
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6 T R F T f  R7IITR 

f S I I R R l l I T I V F  TO SOl.VF POLYNOMIALS W I T H  NO R t l n T S  OF ORDER .GT.Z 
S l l R R n l l T I Y F  RflnTXX(A.R.NN) 

f OYPL FX C M P L Y ~ ~ ~ N . J G I C S Q R T I C ~ F R O . C ~ ~ N F .  A l l  .A121A21.  
1 A 7 7 . A l l  . A 3 7 . t l ,  t7 .X.  OX.  1C.FO. f  1 .F2 .R 

COYPCFX X?.TFMP 
n l Y F N S l n Y  A l l  ) . R ( I  1 
F O U l V 4 L F N C F  I FO.A17) .1 F 1 . 6 7 7 ) .  ( F 2 . A 3 1 )  I T C . A l 1 1  

DATA tTFSO,T~NF/(O.O.O.O). (  1.0.0.01/ 

N=" 

IF lA lN1.NF.O.O1 GO TO 40 
Y=Y-1 

RF T IJR Y 

1 ( D X .  A 1  1 1.157.437 1 

1 .YAXlFP$/35.  1 .OF-71 

nn 30 K=I.NN 

3 0  QIY)=f?FRO 

40 l F ( N . F L l . l ) G f l  T n  1 5 0  
IF(M.FO.~I Gr) i n  i h n  
F Y = F I  O A T I N 1  
V P I  = N t  1 

FWMl=FI  n h T ( N Y l 1  
NP l = N +  1 
K 5 = K  

N M l = N - 1  

C T l = A I Y - l ) / A ( N 1  
S T 7 = S i l * C T l -  1 4 1  N - 7 1  + A I  N-71 ) / A (  N1 
4 S C l G Y  1 1 0  10 Y 1  

45 1FlK.GT.NN) RFTIIRN 
K M L = K - 1  
4 5 ~ 1 ~ ~  7n T n  ~7 
71 1 2 0  I = l . M 4 X  
Gfl Tf l  M7.(7n.501 

5~ LI?=C.~YF 
4 7 7 = f  ONF 
A77=Cr)NF 
Drl  60 l = I . N M l  
4 1  L = A I  7 
A 1 2 = 4 l  I ) + X * A 1 1  
4 3  1 = A  7 7 
A 2 7 = A l  7+X*A?1 
A 3 1 = A 3 7  

6 0  A 3 7 = A 7 ? + X * A 3 1  
c 7 = A 3  1 t A  1 1  
F O = A (  N 1 + X * A  17 
I F (  R F A L I  F O 1  .Fa. 0.0. AND. A 1  YAGI  F 01 . F Q . O . O  ) G O  T O  
S I = F I  / F n  
5 7 = S  1*5  1 - F  7 /F '1 

110 

Gn ~n An 

S ~ = C M P L  x (  t ~ 7 .  n. 0) 

Gn i n  ~ 1 . ( 1 i r l . 9 n i  

s i  = 51 - T r  

7 0  X = C ~ F R ~  
51=TMPI  X l t l l . n . q l  

4 t S l G N  5 0  T O  '47 

913 nrl i n n  I = K ~ . K Y I  
T f  =1.0/ I X-R I I ) 1 

1 3 0  S 7 = C 7 - T f  *TC 
1 1 0  I F ( 1 R F A I  1511.FO.O.).AND.(AIMAGISl~.FQ.0.)) G O  T f l  115 

T f = F N / S I  
n X = T f . / I  1 . O + C 5 O 4 T l F Y H l * (  T C * S ? / S l - l . O )  I 1  
$n T n  116 
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1 1  5 0 X = F N / C C ~ P T l F N Y I * l F N * S ? )  I 
116 x=x-nx 

I F l  R F  4Ll  CARS1 OX ) 

NN=KM 1 
C 4 L I  A R F R P l 4 4 H  FIJRRnUTlNE ROOTXX H A S  F A I L E O  TO CONVERGF. t )  

R I < I = X  
K = K + I  
I F 1  A 1  MAGI X )  .Fa. 0.O.nR. K.GT. NNI  G f l  TO 4 5  
R ( K I = C n N J G ( X )  
K = < + l  

/ R F 4 L  I C 4 R t l  X I  1 .LE.FP5 IGO Tfl 130 
171: Tr )NTINI IF  

1 3 0  ~ C S I G N  9 0  TO 4 1  

G n  Tn 45 
1 5 n  Q ~ K ) = C Y P L X ~ - ~ I ~  1.0.) 

i h n  x1=-.5+41 I I 
QFTIIRN 

T F Y P = A l  l 1 + 4 l l  ) - 4 . * A l 2 )  
X7= .5*r %OR T I TFYP ) 
Q f K  I = X l + X 2  
Q l K + 1  ) = X l - X 7  
RFTIJRN 
FNI) 

I I S F M C  F C 7 F N  
SIJRRl l IJTINF FMTOFNI  NA. A. AFTRN 1 
O l M F N S l O N  4 f  101 
tYMARG A 
O l M F N S l n N  AFTRNI  10)  

I F T  A F T R N f J )  = FVAL A I  J + 2 1 

RF TURN 
FND 

nn l o o  J = I. ~4 

100 CnNTTNIJF 

2 1  
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(a) Open-loop system. 

(b) Closed-loop system with state variable feedback. 

(c) Closed-loop system wi th  equivalent feedback t ransfer  function. 

Figure 1. - Example problem. 
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I 

(a) Generation of X 2 k )  f rom X1(s). 

(c) Generation of X1k)  f rom X2(s), 

Figure 3. - Generation of state variables by block diagram manipulat ion.  
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I n p u t  Data Sheet - State Var iab le Feedback 

0 4  

i 

0 7  
0 8  
0 9  
1 0  
1 1  
1 2  
1 3  
1 4  
1 5 ,  

0 1  
0 2  

0 1  

1 7 1  

Case I problems only 

Figure 4. - Input data sheet. 
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nates w i t h $  
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numerator 
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J ~ N  JD K G  = number  of blocks in open-loop t rans fe r  f unc t i on  
NN = order of numera to r  

FORMAC expression for numera to r  of left-most block (mus t  con ta in  CK)  
FORMAC expression for denominator of left-most block 
FORMAC expression for numera to r  of next block to  r i g h t  
FORMAC expression for denominator of next  block to r i g h t  

ND = order of denominator after cancel lat ion 

Repet i t  ions 
of t h i s  
group may 
follow 

--- 
0 1 
0 2 

I npu t  Data Sheet Ins t ruc t i ons  

1 Title ca rd  - contents w i l l  be p r in ted  at top of f i r s t  ou tpu t  page 

_- 
1 N N  = order of numera to r  ND = order of denominator after cancel lat ion 

FORMAC expression for numera to r  of left-most block (mus t  con ta in  CK)  
FORMAC expression for denominator of left-most block 

o 31 
0 4 

FORMAC expression for numera to r  of next block to  r i g h t  I 

I FORMAC expression for denominator of next  block to r i g h t  

I FORMAC expression for numerator of r ight-most blOCK 
P K G I  FORMAC expression for denominator of r ight-most block 

CK Numerical  value of CK (used as unknown in numera to r  of left- 
)r non l i nea r  problems. 

etc. I etc. 
I 

m c o e t f i c i e n t  of  oesirea c n a r a c t e r l s t l E ( u a t l o n  for so 
- ( h D  mJs t  equal K G J  

Format 
spec i f  i - 
cat ion 
E13.6 o r  
F13.6 

Figure 5. - Ins t ruc t i ons  for f i l l i n g  out i n p u t  data sheet. 
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I "  : I  4 

0 2 I 2 3 . 5 -  
0 3 14.2 5- 

o 7 1  

r 
Case I problems only 

(a) Case I. 

Figure 6. - Example problem input data sheet. 
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I npu t  Data Sheet - State Variable Feedback 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+ 16 to 80 * 
ip-~- - -r' ---- Tit I e i u ~ A o J 9 ~ h a a d e ~ i  _ - - - - - - _ - _ - - 

J ~ ~ A -  e<(&/ E 

0 5 1  
0 6 1  

S I  
9 1  

Case I problems only 

( 5 )  Case 11. 

Figure 6. - Concluded. 
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I n p u l  Data Sheet - Stale Var iab le Feedback 

I I 1 

Case I problems on ly  i 

Figure 9. - Appendix A problem input data s h e e t  
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